The RNA-binding protein 8A (RBM8A)-mago-nashi homolog, proliferation-associated (Magoh) complex is a component of the exon junction complex (EJC) required for mRNA metabolism involving nonsense-mediated mRNA decay (NMD). RBM8A is a phosphorylated protein that plays some roles in NMD. However, the detailed status and mechanism of the phosphorylation of RBM8A is not completely understood. Therefore, in this study, we analyzed in detail RBM8A phosphorylation in human cells. Accordingly, analysis of the phosphorylation status of RBM8A protein in whole-cell lysates by using Phos-tag gels revealed that the majority of endogenous RBM8A was phosphorylated throughout the cell-cycle progression. Nuclear and cytoplasmic RBM8A and RBM8A in the EJC were also found to be mostly phosphorylated. We also screened the phosphorylated serine by mutational analysis using Phos-tag gels to reveal modifications of serine residues 166 and 168. A single substitution at position 168 that concomitantly abolished the phosphorylation of serine 166 suggested the priority of kinase reaction between these sites. Furthermore, analysis of the role of the binding protein Magoh in RBM8A phosphorylation revealed its inhibitory effect in vitro and in vivo. Thus, we conclude that almost all synthesized RBM8A proteins are rapidly phosphorylated in cells and that phosphorylation occurs before the complex formation with Magoh.
Introduction
An exon junction complex (EJC) forms on each exon-exon junction of spliced mRNAs according to the splicing reaction. This complex is composed of eukaryotic initiation factor 4A-III (eIF4A3), cancer susceptibility candidate 3 (Casc3 or metastatic lymph node 51 [MLN51]), magonashi homolog, proliferation-associated (Drosophila) (Magoh), RNA-binding protein 8A (RBM8A or Y14), Upf3, and other proteins. 1, 2 It has been proposed that the EJC is required for mRNA metabolism via mRNA export and the nonsense-mediated mRNA decay (NMD) pathway and that NMD-related factors assemble the decaying complex onto mRNA via the EJC. [3] [4] [5] Therefore, this complex is required for some part of the NMD reaction. After the first round of translation by the ribosome, the EJC is eliminated from the mRNA molecules and reused at the splicing site of the nuclei. 1, 6 RBM8A is a member of the RNA-binding motif protein family 7 that forms a tight heterodimer with Magoh, 8 and it is localized onto mRNA via complex formation with other proteins. 9, 10 Recent studies revealed the contributions of the RBM8A-Magoh complex to the decapping and methylosome activity, which are believed to be independent of the function of the EJC on mRNA. 11, 12 RBM8A and Magoh can form a complex with the signal transducer and activator of transcription 3 (STAT3), which regulates the cytokine regulator pathway, and the novel function of the complex in the STAT3-mediated transcription has been reported. 13, 14 Furthermore, RBM8A upregulates the tumor necrosis factor-alpha (TNF-a)-induced transcriptional activity of nuclear factor-kappa beta in STAT3-dependent and -independent manners. 15 Inaki et al. 16 revealed the contribution of Magoh to the regulation of cyclin-dependent kinase (Cdk) in a temperature-sensitive cell-cycle mutant experiment. Because Cdk is essential for mitosis progression, this finding strongly implies the contribution of Magoh to cell proliferation, independent of the formation of the EJC. Le Hir et al. 17 also demonstrated the association between RBM8A and Magoh and showed that the depletion of these proteins in Drosophila SL2 cells resulted in impaired cell growth. Furthermore, Sudo et al. 18 obtained similar results after performing a loss-of-function screening of genes involved in apoptosis and growth in the human mesothelioma cell line. These authors demonstrated the role of RBM8A, in addition to that of COPA, in cell growth via gene-silencing experiments using an RNAi library. Recently, the novel function of Magoh in mouse neural stem cell division as well its contribution to efficient centrosome maturation in neural progenitor cells was proposed. 19 These results were confirmed in a human tumor cell line, and the contribution of Magoh to the G2/M phase progression has also been proposed. 20 Thus, RBM8A and Magoh are associated with centrosome maturation, and their deficiency results in G2/M accumulation, followed by cell apoptosis. Furthermore, we found that RBM8A localizes to the centrosome in human tumor cells and proposed a novel function for this association. 21 The phenotypes expressed owing to RBM8A deficiency or Magoh deficiency are different between human and mice. The deletion of human chromosome 1q21.1 has been frequently found in thrombocytopenia-absent radius (TAR) syndrome patients, and RBM8A is mapped to this region. Albers et al. 22 reported that TAR syndrome is caused by the compound heterozygosity of a 1q21.1 deletion and rare single nucleotide polymorphisms in the RBM8A region. TAR syndrome patients do not share any common phenotypes with Magoh-deficient mice. Furthermore, Kataoka et al. 5 performed mutational analysis to demonstrate the independent shuttling of RBM8A between the nucleoplasm and the cytoplasm, and Togi et al. 15 discovered an independent role for RBM8A, in addition to complex formation with Magoh. Therefore, it is speculated that Magoh and RBM8A have independent functions in cells, in addition to their shared functions in mRNA metabolism.
Hsu et al. 23 reported the importance of RBM8A phosphorylation in vitro and in vivo, and identified the phosphorylation of the protein at serine residues 166 and 168. 23 Hsu et al. 23 also showed that SRPK1, which is a member of the SR protein kinase family, phosphorylated the RBM8A protein in vitro. These authors also performed immunoprecipitation (IP) experiments and discovered the modulating effect of phosphorylation. It was proposed that the formation of an mRNA-protein complex by RBM8A and Magoh was regulated by RBM8A phosphorylation. These authors proposed that RBM8A phosphorylation occurs to release the protein from the mRNA-protein complex in the cytoplasm after the first round of translation for NMD. In summary, they showed that the phosphorylation and dephosphorylation of RBM8A are important for NMD and processing body formation and proposed a novel model for RBM8A-mediated mRNA decapping and degradation. 11 In this study, we focused on the status and mechanism of RBM8A phosphorylation. First, we analyzed the phosphorylation status of RBM8A by Phos-tag gel analysis, which enabled detection of phosphorylated proteins by western blotting and modified sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The majority of the endogenous cellular RBM8A was phosphorylated in cell lysates. The mutational and expression analyses revealed the occurrence of serine phosphorylation at positions 166 and 168, in accordance with the report of Hsu et al., 23 and our experiments also revealed the priority of serine phosphorylation at position 168 in cells. In addition, we showed that Magoh binding has an inhibitory effect on RBM8A phosphorylation in vitro.
Materials and methods

Cell culture
HeLa cells were purchased from the RIKEN cell bank (RIKEN Bio Resource Center, Tsukuba, Japan) and maintained in Dulbecco's Modified Eagle's Medium (Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (Sigma-Aldrich) and antibiotics (a mixture of penicillin and streptomycin; Wako Pure Chemical Industries Ltd, Osaka, Japan).
Preparation of cell lysates
The cells were harvested using a lysis buffer containing PhosSTOP Phosphatase Inhibitor Cocktail (Roche Diagnostics Ltd, Basel, Switzerland). Phosphatase treatments were performed by adding lambda PPase (final concentration, 5 U/mL; New England Biolabs, Ipswich, MA, USA) to the lysis buffer, followed by incubation for 30 min at 37 C. After treatment, the samples were used for Phostag gel analysis.
SDS-PAGE, Phos-tag gel separation, and western blotting
Phos-tag gels (12.5%; Wako Pure Chemical Industries Ltd) enabled the separation of phosphorylated polypeptides from their unphosphorylated counterparts in SDS-PAGE. 24, 25 The gel was transferred onto a nylon membrane, standard immunoblotting was performed, and phosphorylation was detected based on the upward shifting of bands to a greater molecular weight. Conventional SDS-PAGE was performed by using the SuperSep Gel (12.5%; Wako Pure Chemical Industries Ltd). A Wide-view Prestained Protein Size Marker III (Wako Pure Chemical Industries Ltd) was used to determine the molecular weight of proteins in gels. The detailed method used for western blotting was as described in our previous study. 26 Anti-RBM8A antibody (Sigma-Aldrich) and rabbit antiserum prepared in our laboratory was used against the N-terminal region of RBM8A protein. HRP-conjugated Flag or Myc tag-specific antibodies were purchased from the Medical and Biological Laboratories, Co., Ltd (Nagoya, Japan) and affinity purified rabbit polyclonal anticancer susceptibility candidate 3 (Casc3) antibody was obtained from the Bethyl Laboratories Inc. (Montgomery, TX, USA).
Gene silencing using siRNA
The depletion of the RBM8A protein by gene silencing was performed as previously described. 20 In brief, RBM8A was silenced by using the Stealth Select RNAi TM siRNAs (HSS115053: shown in ''#2,'' HSS115054: shown in ''#3''), and Lipofectamine RNAiMAX (Invitrogen, Life Technologies Corp.) was used to transfect the siRNAs. Two double-stranded molecules of the Stealth RNAi Negative Control Kit, MI(M) were used as negative controls.
Double thymidine blockage and release
Double thymidine blockage and release was performed as detailed in our previous study. 20 Briefly, the cell-cycle progression was blocked in HeLa cells via two incubations with 2.5 mM thymidine (Sigma-Aldrich) for 24 h. The cells were released from the G1/S phase, and the cell population was analyzed by flow cytometry at different incubation time periods.
IP
One day after seeding of the cells, knockdown of RBM8A was performed with siRNA (#2) and control (M) by using the RNAiMAX (Invitrogen). After 48 h of further incubation, the cells were scraped from the dish, transferred to a test tube, and centrifuged. The cell pellet was resuspended in IP buffer (20 mM Tris; pH 7.9, 300 mM NaCl, and 0.5% Igepal), lysed by sonication, and the supernatant was transferred into a fresh tube. The antibody was added to the supernatant. After incubation, protein G-conjugated agarose (Invitrogen) was added to the tube and mixed gently by a rotator. After washing with IP buffer, the residual buffer was removed and the sample buffer was added, followed by denaturation. The supernatant was collected in a test tube and immediately placed on an ice bath for western blotting.
Preparation of nuclear and cytoplasm extracts
Cells were seeded in a 10-cm cell culture dish and, just before confluence was reached, Buffer A (10 mM N- piperazine-N 0 -[2-ethanesulfonic acid] [HEPES], 10 mM KCl, 0.1 mM ethylenediaminetetraacetic acid [EDTA], 1 mM dithiothreitol [DTT], 0.5% Igepal, and protease inhibitors) was added to the cells, and the dish was incubated at room temperature, following which the cells were scraped from the dish and the lysate was collected into a test tube. The test tube was then placed on an ice bath and the content was mixed by up and down by pipetting several times, followed by centrifugation. The supernatant was collected as extracts of the cytoplasm; Buffer B (20 mM HEPES, 400 mM NaCl, 1 mM EDTA, 20% glycerol, 1 mM DTT, and protease inhibitor) was added to the pellet and resuspended by pipetting up and down several times. The sample was then centrifuged and the supernatant was collected as the extract of nucleoplasm. To remove salts from the lysate for Phos-tag gel analysis, nuclear and cytoplasm extracts were exchanged with Buffer C (25 mM HEPES, 250 mM NaCl) by using the Amicon Ultra-0.5 Centrifugal Filter (Millipore, Corp., Billerica, MA, USA). Fractionation was confirmed by western blotting with anti-lamin A/C and anti-caspase-3 antibodies (Cell Signaling Technology, Inc., Danvers, MA, USA).
Plasmids and transfection
Original plasmids that can express Myc-tagged human RBM8A (EX-L0116-M09) or Flag-tagged Magoh (EX-I0115) were purchased from GeneCopoeia, Inc. (Rockville, MD, USA). The sequence was mutated by using the QuikChange Lightning Site-Directed Mutagenesis Kit (Agilent Technologies Inc., Santa Clara, CA, USA). The mutated sequences were confirmed by direct sequencing. Serine residues 42, 46, 56, 166, and 168 were replaced with alanine residues. The corresponding plasmids were named S42A, S46A, S56A, S166A, and S168A, respectively. In addition, a double mutant with S166A and S168A substitutions and a triple mutant with S42A, S46A, and S56A substitutions were produced. A plasmid containing all mutations (All-SA) was also constructed. For transfection of expression vectors, 80,000 HeLa cells were inoculated into 12-well plates (TPP Techno Plastic Products AG, Trasadingen, Switzerland) a day before the experiment. The plasmids were purified by using the Miniprep Kit (Qiagen, Hilden, Germany) and transfected by using the Effectene and Lipofectamine Transfection Kit (Qiagen), according to the manufacturer's protocol. One day after the transfection experiment, the cell lysates were prepared and analyzed. 26 
Recombinant proteins and in vitro kinase assay
His-tagged recombinant human RBM8A (Abcam PLC., Cambridge, UK), Magoh (Abcam PLC), and SRPK1 (Invitrogen) proteins were used in this study. Kinase buffer containing 100 mM Tris-HCl, 20 mM MgCl 2 , 2 mM DTT, and 1.6 mM adenosine triphosphate (ATP) was used. To detect RBM8A phosphorylation by SRPK1, 30 ng of each protein was mixed in the kinase buffer with or without ATP and incubated for 30 min at 30 C. For analysis of inhibition by Magoh, RBM8A and Magoh were incubated for 30 min to form a complex, SRPK1 was subsequently added to the mixture, followed by incubation for 60 min at 30 C. The samples were denatured and separated on a Phos-tag gel, and RBM8A was detected using a mouse anti-RBM8A antibody (Sigma-Aldrich) or an anti-His-tag antibody directly conjugated to horseradish peroxidase (Medical & Biological Laboratories Co., Ltd).
Statistical analysis
To compare the average differences among the groups, Steel's test was performed. Student's t-test was performed for comparison of the average values between the two groups.
Results
The majority of RBM8A in the total cell lysate was found to be phosphorylated HeLa cell lysates, prepared in lysis buffer and separated on a Phos-tag gel, were blotted using an anti-RBM8A antibody (Figure 1(a) ). Phos-tag gels allow clear visualization of the fraction of phosphorylated proteins against the unphosphorylated counterpart because the proteins yield a large difference in migration. As indicated by the arrows in Figure 1(a) , the position of the detected signal was completely different from that of the normal SDS-PAGE signal. In addition, we performed knockdown experiments to confirm the origin of bands. Both of the specific bands were detected at approximately 20 kDa in the normal gel, and the shifted band detected in the Phos-tag gel disappeared after RBM8A knockdown. To test whether this band shift was caused by phosphorylation, the lysate was treated with phosphatase (lambda PPase) and then separated on a Phos-tag gel (Figure 1(b) ). Almost all bands, including those showing specific and nonspecific signals, appeared at a higher molecular weight in the absence of PPase, whereas some bands appeared at approximately 20 kDa in the presence of PPase. Taken together, we conclude that the band shift observed in the Phos-tag gel was caused by the phosphorylation of the RBM8A protein. The majority of RBM8A bands shifted to a higher molecular weight in the Phos-tag gel, indicating that the majority of RBM8A is phosphorylated in cells.
Because our previous study suggested the contribution of RBM8A to the cell-cycle progression, 20 we analyzed the phosphorylation status of the protein at various cell-cycle stages. We then prepared the cells in the G1/S, S, and G2/M phases by releasing them from a double thymidine blockage (supplementary Figure 1) . The polypeptides separated on gels were transferred onto a nylon membrane and blotted using a mouse anti-RBM8A antibody (Figure 2 ). The band size difference observed between the normal and Phos-tag gel was caused by the phosphorylation of target polypeptides, as shown in Figure 1 . Band shifts were observed for all bands in all cell-cycle phases as well as in growing cells. Therefore, we concluded that the majority of RBM8A was phosphorylated in a stable manner throughout the cell cycle.
To investigate the dependency of cell location, we fractionated the cell lysate to nuclear and cytoplasmic fractions ( Figure 3 ). Successful fractionation was confirmed by the detection of lamin A/C (nuclear marker) and caspase-3 (cytoplasmic marker) in the fractions. 27 The specificity of the band was examined by knockdown of RBM8A, and the band intensity reduced in the knockdown cells. Based on bands from lamin A/C and caspase-3, our fractionation was also successful, and RBM8A protein was detected in both of them. The band shift in the Phos-tag gel was observed in all lysate samples. We conclude that almost all of the RBM8A proteins are phosphorylated in both the nucleoplasm and cytoplasm.
Furthermore, to analyze the phosphorylation status of RBM8A in the EJC, we immunopurified the complex with anti-Casc3 antibody and separated it on normal and Phostag gels. Bands were detected by western blotting. The majority of immunopurified RBM8A and Casc3-bound RBM8A bands shifted in the Phos-tag gels (Figure 4) . Therefore, we concluded that almost all RBM8A proteins in the EJC are also phosphorylated.
Determination of phosphorylated serine residues in the RBM8A polypeptide
To determine the phosphorylation sites of RBM8A, we prepared an expression vector containing Myc-tagged RBM8A with various serine-to-alanine substitutions based on an Figure 3 Phosphorylation of RBM8A in the cytoplasmic and nucleoplasmic fractions. The cells were fractionated and each fraction was separated on normal and Phos-tag gels. After transfer onto a membrane, western blotting was performed. Lamin A/C and Caspase-3 were used as markers of nucleoplasmic (Nuc) and cytoplasmic (Cyto) fractions. The knockdown lysate was also analyzed to detect specific bands available database. [28] [29] [30] Plasmids containing single and multiple substitutions were developed. Phos-tag gels are extremely useful for the determination of the phosphorylation sites of various proteins. 31 Moreover, the combination of amino acid substitution and Phos-tag gel analysis enabled the determination of the phosphorylation sites. 32 The details of the mutant RBM8A clones are described in the legend of Figure 5 , and the representative result is shown in Figure 5 . Hsu et al. 23 reported that serine residues 166 and 168 of RBM8A are phosphorylated. Therefore, we reconfirmed their results by Phos-tag gel analysis. The plasmid vectors were transfected into HeLa cells and the cell lysates were prepared. The samples obtained were separated on a Phos-tag gel and detected using an anti-Myctag antibody. The main band of the wild-type RBM8A (Wild) appeared at approximately 30 kDa. In contrast, RBM8A with substitutions at five serine sites (All-SA) was detected at approximately 27 kDa. Therefore, the difference in separation was caused by the phosphorylation of Myctagged RBM8A. No significant difference was detected for proteins carrying a serine-to-alanine substitution at positions 42, 46, or 56; however, proteins with substitutions at residues 166 and 168 showed significant changes in migration. The position of the S168A band was identical to that of the All-SA substitution, suggesting that the mutant underwent similar phosphorylation. Compared with the S168A mutant, the S166A mutant yielded an additional band with slower migration. In summary, serine residues 166 and 168 of RBM8A were phosphorylated in HeLa cells and similar results were obtained in A549 cells (data not shown).
In vitro kinase assay and the inhibitory effect of Magoh
Hsu et al. 23 reported the phosphorylation of the RBM8A-Magoh heterodimer, as assessed in a kinase assay with SRPK1; however, the authors did not detect any effect of the Magoh protein on the kinase activity of SRPK1. Therefore, to determine the role of Magoh in phosphorylation, we performed an in vitro kinase assay with recombinant RBM8A, Magoh, and SRPK1. The polypeptides were mixed and incubated for 15 min at 30 C and separated on a Phos-tag gel, followed by western blotting (supplementary Figure 2 ). In the absence of ATP, no band shift to higher molecular weight region was detected, even with SRPK1 (lane 2 in the left panel); however, in the presence of ATP in the reaction mixture, significantly shifted bands were detected (lane 4 in the left panel). Therefore, Phos-tag gel analysis could detect in vitro RBM8A phosphorylation by SRPK1. In accordance with cell analysis in Figure 5 , 166 and 168 SA mutation abolished the band shift in the Phos-tag gel (the right panel). Next, we mixed RBM8A and Magoh and incubated them for 30 min for complex formation. After incubation, SRPK1 was added to the complex for kinase reaction (Figure 6 ). The band shift in the Phos-tag gel disappeared according to the amount of Magoh. This result suggests that Magoh inhibits rather than accelerates the kinase activity of SRPK1 in vitro. To test this inhibitory effect in vivo, we co-transfected the Magoh and RBM8A expression vectors in HeLa cells. We observed an increase in the size of a band from exogenous RBM8A between that of the phosphorylated band from wild RBM8A and unphosphorylated band from 166/168SA mutant RBM8A (Figure 7 , white arrow). Therefore, we speculate that Magoh affects RBM8A phosphorylation during the in vivo reaction and that the kinase reaction occurs rapidly in cells.
Discussion
One of our major findings was that the majority of RBM8A was phosphorylated in human cells. A similar result was obtained for the whole cell lysate (Figure 1) , various cellcycle steps (Figure 2 ), nuclear and cytoplasmic fractions (Figure 3) , and the EJC (Figure 4 ). Immunostaining revealed that both RBM8A and Magoh localized to the nucleoplasm, indicating that the majority of RBM8A proteins in the nucleus were phosphorylated. It has been proposed that RBM8A phosphorylation contributes to its dissociation from the mRNA-protein complex after the first round of translation. 23 According to this model, only a limited fraction of cytoplasmic RBM8A should be phosphorylated. However, our results contradicted that of the aforementioned model. Thus, we proposed another possibility, i.e. rapid RBM8A phosphorylation occurs immediately after its biogenesis in the cytoplasm. Because the kinase reaction mediated by SRPK1 was inhibited by the association with (Figures 6 and 7) , the RBM8A polypeptide produced should be phosphorylated before binding to Magoh. Therefore, RBM8A produced in the cytoplasm is probably phosphorylated, forms a complex with Magoh, and migrates to the nucleoplasm. In the nuclei, RBM8A may be dephosphorylated before splicing and assembled in the EJC on mRNA. As proposed by Chuang et al., 11 after the first round of translation, RBM8A is dephosphorylated again and acts in decapping the decaying mRNA. 11 In agreement with the findings reported by Hsu et al., 23 our mutational analysis revealed that RBM8A phosphorylation occurs at serine residues 166 and 168. The serine-toalanine substitution at either of the positions 166 or 168 or at both resulted in a band shift to a lower molecular weight as compared with that of the wild-type band ( Figure 5 ). The bands corresponding to S42A, S46A, S56A, 42-SA, 46-SA, and 56-SA were found to be identical to those of the wild-type protein, suggesting that these N-terminal serine residues are unphosphorylated. In contrast, the bands corresponding to S166A, S168A, 166-SA, 168-SA, and All-SA were different from those of the wild-type protein, with evident band shifts. The band shifts caused by the substitutions of the serine residues at positions 166 and 168 were different. The migration of S168A is identical to that of the negative controls such as All-SA and 42-SA, 46-SA, and 56-SA, whereas S166A yielded an additional band above the band of S168A. We speculate that S168A is unphosphorylated at the serine residues at positions 166 and 168, whereas serine 168 of the S166A mutant is phosphorylated. In addition, the analysis with SE mutants (substitution of serine with glutamic acid) showed results similar to those obtained with SA mutants (supplementary Figure 3) . Therefore, we concluded that the phosphorylation reaction at serine 168 is required for phosphorylation at serine 166 rather than at serine 168. Although the present study did not identify the mechanism underlying this relationship, the relative priority can be attributed to structural characteristics or characterization of kinases.
The localization of RBM8A to the centrosome was described in our previous report. 21 To determine whether the phosphorylation of serine residue 166 or 168 is required for the localization of RBM8A to the centrosome, we immunostained the exogenously expressed Myc-RBM8A in the transfected cells. We successfully detected the localization of mutant RBM8A to gamma-tubulin-positive centrosomes (supplementary Figure 4) . Thus, we conclude that the phosphorylation of these serine residues is not related to the localization of the centrosome.
An in vitro kinase reaction was performed to identify the role of Magoh in RBM8A phosphorylation. The three major band shifts observed in the Phos-tag gel were dependent on both ATP and the serine residues at positions 166 and 168 (supplementary Figure 2) . The band shifts were not observed in the buffer devoid of ATP. In addition, both of mutation resulted in reduced band shift. Therefore, we concluded that these band shifts were caused by the phosphorylation of the RBM8A protein because in the present study, we demonstrated the inhibitory effect of Magoh on RBM8A phosphorylation ( Figures 6 and 7) . Magoh is a binding partner of RBM8A; however, its role in RBM8A phosphorylation remains unclear. Hsu et al. 23 used the RBM8A-Magoh heterodimer in an in vitro kinase assay, but did not detect the involvement of Magoh in this assay. We performed a kinase assay using RBM8A, Magoh, and SRPK1 kinase. After incubation of RBM8A with Magoh to form a heterodimer, we tested the kinase activity by adding SRPK1. RBM8A phosphorylation was reduced according to the amount of Magoh. Thus, we speculated that the synthesized RBM8A protein is phosphorylated before the formation of the heterodimer with Magoh because Magoh inhibited the SRPK1 reaction. Perhaps Magoh binds to phosphorylated RBM8A in the cells and is then transferred to the nucleoplasm to form the EJC on spliced mRNAs. Hsu et al. 23 and Chaung et al. 11 concluded that RBM8A phosphorylation occurs to facilitate dissociation from mRNP in the cytoplasm because compared with unphosphorylated RBM8A, phosphorylated RBM8A showed reduced affinity to NMD-related factors. The majority of RBM8A was phosphorylated in the cells (Figure 1 ); we believe that our conclusion is not in contrast with the experimental results of the previous studies. We also speculated that the majority of RBM8A in the nucleoplasm might be phosphorylated to avoid unnecessary complex formation with NMD factors. After NMD complex formation, when the ribosome encounters a premature termination codon, a phosphatase reaction takes places for association with decaying mRNA. 11 In the present study, we revealed that the majority of RBM8A was phosphorylated in cells and that serine residues 166 and 168 were selectively phosphorylated, which indicates the priority of kinase reaction between these sites. RBM8A phosphorylation was inhibited by the Magoh protein in vitro. Because the phosphorylation and dephosphorylation mechanisms of the RBM8A protein may be complex, a more detailed analysis of this step-wise kinase reaction in the cells is required to completely understand RBM8A regulation.
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